The micromechanics of fault gouge and dynamic earthquake triggering:
investigation by Discrete Element Method numerical simulations
Michele Griffa , Eric G. Daub2'3, Robert A. Guyerz'éf Paul A. Johnsonz, Chris Marone ™", and Jan Carmeliet

C \ 1. Laboratory for Building Science and Technology, EMPA

EM ° 2. Geophysics Group, Los Alamos National Laboratory @ Neva PENNSTATE
PA O A mo 3. Center for Nonlinear Studies, Los Alamos National Laboratory b ULl AU LB ‘:@ B R
Q ! L& S 5 I_ I:. EnNgiy _-"-_l-' ELRNISENE NOE NELTEE S Wriem
L S Ia S W 4. Department Of PhySiCS’ UniverSity Of Nevada’ Reno e ’ - Yvist Federal bnstitute of Techno O U

NATIONAL LABORATORY . . S
5. Department of Geosciences, Pennsylvania State University Supported by institutional LDRD funding (LANL)

/

ETH

Materials Science & Technolo _
t ” o 6. G3 Center and Energy Institute, Pennsylvania State University . . . .
LA-UR 10-06113 7. Department of Architecture, ETH Zurich and Swiss National Science Foundation (EMPA)
DYNAMIC EARTHQUAKE TRIGGERING MODEL DYNAMICS VIBRATION AND NON-AFFINE DEFORMATION
0.9 | | Non-affiine metric M shows spatial distribution of plastic deformation
% Pk velocy opatio o ind vibrati No applied vibration With applied vibration
% (aoms When vibration is — No applied vibration . '
- Denali ruptu O ?cm 5~ applied, stick-slip 085 | Applied vibration //\ | Time: 1500.00 ms Time: 1500.00 ms
- . 05cms event occurs ear- ©
60 [ << r’ : . . o
ﬁ lier =dynamictrig- = 08 (1)
_ G gering. @ U )
S | agak = (2)
S50 Llook at micro- = 0.75 (4) _ 001 sar)
3 scopic  deforma- % \// —
w0l tion to better un- 0.7~ (6 - Non-affine deformation due to vibration is spatially homogeneous
Post-Denali seismicity rate increase derstand effect of :
* * ¥r : : Time: 1542.00 ms Time: 1528.00 ms
No Yes ? ke~ vibration 065 | | | |
30 t . | . | . | \ | . | . | L |n -
180 170 160 150 140 130 120 110 10 90 1500 1600 1700 1800 1900
Longitude (W) Time (ms)
Observations (Gomberg et al., 2004)
b | | | | |
Wave source o vibrat p1108, p870 -
O vipbration i
_ / NON-AFFINE DEFORMATION
= How does vibration affect particle scale deformation?
Il ] Need a metric to quantify inelastic deformation
Vibration
g ( f //V Deformation
- _
Glass beads . | | | L I > sartv)
2,000 2,100 2,200 2,300 001 0
‘ Time (s) TS I b =
Experiments (Johnson et al., 2008) : | | . T |
o , , Slip later in the event is more distributed spatially
Seismic waves can trigger unstable fault slip.

For each particle, find best fitting strain tensor to map neighboring

Goal: explore mechanics of a sheared granular

: , ) , , particles to their new positions = “affine” or elastic deformation. >
material subjected to exte.rnaol vibration to simu- Deviations from this are inelastic = "non-affine,” quantified by ARE TRIGGERED EVENTS DIFFERENT?
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